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271 ... AMPLIFIER CONTROL CIRCUIT 



(57) Abstract: A magnetic bearing and a turbo-molecular 
pump having it in which the cost of manufacturing and 
installation of the turbo -molecular pump can be reduced by 
decreasing the number of elements of an amplifier circuit for 
exciting/driving an electromagnet, and the error can be reduced 
when the current flowing through the electromagnet is detected. 
One end (151a) of an electromagnet winding (151) constituting 
each of electromagnets (104, 105, 106 A, 106B) is connected 
with a common node (C). The common node (C) is connected 
with a switching circuit (280) composed of a transistor (281) 
and a diode (285). The other end (151b) of the electromagnet 
winding (151) is connected with an amplifier circuit (250) 
composed of a transistor (261) and a diode (265). 
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PWMM^J:^lM^^^^^y^Tsrt^h7^^261(Dy— \$8ft\£ 

mt)^w—Ymmm^27A(D^;v^mnm^^^K^<>x\^ 0 
bmmm^274&w l £iirz>\z.m^xn, r^mmmm27i^h(Dmtim^-m 

BI^LJfeV^Field Programable Gate Array (J^TFPGA^V ^) lE^hUfciflteh 
7^^261 ^ mmm^X^Z ^L"Ob&V \ 
[0067] Ell^^oV^, T^°[U{^250(D*My— KC^*j-LTW\ §]#[1I{^280^ 
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— KS^-285a^Jfcigy— KCfC, Ty— K*S^285b#T>^igi&250£^l£Sagl5 
3(D^ft^l53b^g^$*vrv^ 0 h7^^281f*, ^^17' — MOSFET~C<fe>^ 

, KW^^281a^mMl53(DiEffil53a^. y— ^SSB^SlbJ&S^iiy— KClC 

IMIi^ 250 t21*f-f S mU4fi¥ 1^ C0J^^^T^/VXs P«3 ^ h^>"^^^28 1 <7)^— b 

[0068] d^^«J5fe^*3V^T, T^[U{^250(D^^v ? ^261^on^L-C, §]#[1I{^28 
0(Dh7^v ! ^281^on^i-§^, JE^153a^^h^> ? ^281, KC, flt 

flfc^HMftlSl, h7>^*261 (^«^mHIS?&255)^bT^^153b^m^ 

[0069] ^\ Tyy°IlI^250C0h7yv > ^261^of£f3:LT, §]#lHlS&280(Dh7yv ; ^ 

28l^off^i-§ir, «lK^#j||l5l^D5jS»jeS^lC];t)^*l53b36^^— 
K285, #«y— KC. ?4i!r— h*265«tfHytjE*153a^[sl£S 

[0070] $e>l^ Ty^[H{^250(Dh^^> ? ^261^on^L-C, §]#[lI^280(Dh7^v ? ^ 
28lSrofftci-S^, «#^|&151-e^C5^«^tJ:J;t)^^153bd^y^— 
K285, *iiy— KC. ma^#^151. h^yv ; ^261(^«^miHlSS255)^ 

51a, 151b^f-M{i^^C^V>(DT\ mm^mjMiL&m£—fe\z.i%tctiz>(~ 

<DVtt&&—1&*r— KA3£V ^) o 
[0071] £fc. ^(D— )£*E~ KASfiWCfc. T>-7 0 [U{^250(Dh7^> ? ^261^off^bT, 
§J#[lI^280(Dh^v ? ^281^on^i-§^, «»^iMftl51^£C5i£je«3jfc: 
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[0072] T^|ll^250^j;§h^^> ? ^261#^(D$IJ^]^B^#[Hl^280^j; 
5 v^?28 1 ^<£>iJ0#$tfl ^OUgB «r^i-^^ir— h^EI 2 ^i~ 0 
02^*31^ §a#HIS^280d^J-bT^, $IJ#^-r^Ts^^h^^^281^o 

5Ts)^-e«h7^v ? ^281^off^$n§o ^(Dttlsb, ^m/—VC(DW±.n, MM 
»«9(B#r^Ts)^-e^h^v ? ^281^on^$tb§ 0 ^(DfcJb, *M/— KC(D«ffi 

[0073] ^l-c, m^mimj^255-c^mbfc«a^m«iL(Dflt^m^m4-fSJ: , 9^/j^ 

l^ai-te, T^ 0 $lJ#lHl^271^«a^«^iL^it^P$^J;5^ff!lJ«^ ; fTt?^ 

(D^^^i^^M^ff^tt^ m<Dmm^— ka3, A4v^^<wti£ 

^§J:5^$lJ#W^^o JWfcl^m, mmo. 5Ts-0#^Ts-e{«#0J^28O 
(Dh^^> ? ^281^on^$nTV^(D-C\ H#f^0. 5Ts^^^0#^Tplfctth^ 
^^261^on{Ci-§r^ii*PB#r^Tplfcttit*P^— KAl(7)^^i-§ 0 ^ 

o — ^ B#^0— mmo. 5Ts-C{i, ^#[Hl!l§280(D^^;^281/^off^;mTV^ 

s^)-e(i-*t>^ii*p^e— KAKD^ic^-e^v>(D-e) , b^^^ei^on^ 

Tpl/cit*a^*^iL^ii^p$^ 0 
[0074] — m^mie]f&255^1&mbfcm^m^iL^ 

„ ^(D^^te, l$IJ#^^/VTsct 1 'e-h3zllbfc^0#^Tp2ff tfM'P^— KA2<D 
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^^281^ 0 ffjc£tl/Cl^<D-e\ B#^0. 5Ts%U&K\%fflTp2fcl1rh : 7>i?Xf t 

*^261&offt^5*WR#IKira\ h9>^^26lSron^i-5^i-e— KA3 
©^HR^-TSo — B#^0. 5Ts— NPMTsT?tt, ^)#0{^28O(Dh7^v ; ^281 
^on^^^bTV^^-eC^^^^^^e— KA2(D^^^{*-C^V^(D-e) , h^v 5 
^261^off^-T§^^-e— KA4©^H6^«„ ^tU^i^ l^m^^T 
s ^^^raTp2fc}t«a^m^iL^^$tb6 0 

[0075] mm^mm^255x^mvtcmm^mmiL<Dm^nmm^iw.t—m,x 

V^#^^«.T^^imj^271^«^m^iL^S^oJ:5^M^fTt? 
tb^o r<D*§^m, lffiflftl^^/^Ts^-C^l!:— S^E— KA3, A4V^tb35^^H8 
£&5J:5fcfaJ» s m?*l3o A#tfJfcki\ B#^0-H#r^0. 5Ts-C1»#[hI{^280 
<D h^^v ? ^^28 1 tfof f ^£*i/CV h^v^26 1 £ronfci-5r. ^"C— ^ 

—VA3(D^mtir^ 0 — ;£\ 0#^O. 5Ts-0#^T s -C^, §]#[HlS&280(Dh9^v ? ^ 
^281^on(31$tbTV^(Z)-C\ h7^v^26l£roff ^l^^-C^^^e— KA4tf)J|£ 

[0076] J^ii^J;^ T>-^°[lIli&250^1O(Dh7^v ? ^261^1O(D^V^-— K265(D^-C 
«JEftL-Ofo, -KI#[Hl^280— (D$lJ^l^f V ^ooT^[U^250^$lJ^]-r§r 2rC, 

^:7°[11^250<^^i^^i-3<D^-^ 

So 

[0077] *fc. ^IIW^^OT^ o 0i^25O(Df|lJ^]-e»^^(DT^ <> 0i^l5O--(D$lJ^]^ 
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[0078] &&m<D®Wm9&280l*, ^t>®z\s^\^f<Dm&^tt&H-?tet> 

[0079] ifcfc, TWiai&250&TJ««aW#j|ftl5lM©E|fttt % KCCQ l^OT 

[0080] ua%.x* *mmi&m<DT^m9&25ox*h, m2\z.7^-r^\m\m^^^Ts^\z. 
^\m^25oxMM^mmL%—7£fci%^b&x^Z) 0 *:<Dit#>, mm^nMxL 

[0081] lot, iB«w^t8"T?miK^ms^©tfeffis^T5i^s^'&v Yfcfc, *£m^^ 

[0082] &4b\ *HJfe^1l6-CH:, §]#teI{^280«h7>'v ? ^281^^-r^--K285d^ 
t^PX.TKW^^-282a^^kiiy— V— ^C^282b^^l53b(Jlg^ 
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-^3 (1rf£fribmM^ttxmmirZ>)Z.tX\ _hfE^— K2850 
[0083] *fc. *HW^^*5V^-Cfi, T>-y[oIS&250^>y-LT{i, H# MO. 5TsSr*&^*>5 

^h,B#lfflTs«ri|&£ ^L/c«9 I^WOSr^jStuytUb-CJiAni^raTp 1 , ^B#^Tp2^ 
[0084] ^Jfe^flBl^v vr J3\ ««K^«aEiL^— 

^-S^e-KA3(D^Bi:-rSB#M«. «*lfemiHlB&255-C«^^«^iL<D^mSr 

±3&utmmbftZ£5K* Mx-i-zmmo. its— Htngo. ssTsmmm^m^x 

fih^^v ? ^281^on^b, mmo. 55Ts— Bt^Ts^^H^M^^^-e^h^v 5 

A3<D^^*5V>-Cm^«^iL^m^T5^^^-e^5o 
[0085] JfciC, ^0J(D^2(D^ife^^oV>T^eg-r§ o ^2|Ufe^tRtt, miMJMMM 
X&ZTls^m&250RXfWWm$&280<DmfflX&Z> o 

*mM<vM2mMKmx&%T>7 fi m$&<D\m$&m&m5\z.^i- 0 bh^iu— 

H5^*3V>T, T^lHlJS&350-efi. «fl&^^|&151©— ^151a#S#»/— KC 
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^V^— K365tc^$tbTv ^ (^<Z)Mi5ib(Dy— K^y— KFtV ^5) o 
[0086] i<7)^\ h^v^Sem, /-?t7— MOSFET-efe*9, KW^^-361a^^a 
53(DlESl53a^, y— ^^Seib^^^^^^iSKOftfe^lSlb^^tV-CV^ 

«9, ^y-K^365a^«^#^l51(^)Ml51b^, Ty-R$B^365b^M 
^miHlj^255^LT«Ml53(D^«153b^^c$tLTV^ 0 
[0087] £fb^, ^<Z)T^y o [lI^350(Z)*My— KC^bT«, ^0#[Uli&38O^^$^T 

h^v^38:U3\ /-?r7— MOSFET-efc<9, KW^^-381a^^kiiy— h*CK, 
l£fc, ^7^^381^^— h*^^«, T>-7Umm^371frh(Dtym\t ^"376 

^A>j^tL-CV^ 0 ££>^ ^V^-— K385te, m^tHj^fflfeSVMiy^^-r— /Vffl 

(O^^Hr^- YXm. K^385a^^i53(DE^153a^, Ty— K$B^38 

5b^#il/w-KCf3lS^iXTV 
[0088] frfr%m)&^&\<^X, T>":/[IliS&350<Dh7^^361^on^LT, ^0#tHl{^38 
00^^^381^011^^^, jEffil53a^fbh7^v^36:U MM^^Bl51 

, *My— Kc, h7>"^;^38i^L/r:iiffii53b-- m»f£^#t|^^ 0 Wfcfe, 

m^^#^151^^mMl53(DiESl53ad^m^^WlB$tLSO-e, ^1^^^^ 
iL^it^S t©tl»D ; e-KBitv^)o 
[0089] — ^\ T^y°[HlB&350<Dh^v>;*^36l£off^L-C, -gD#lHl^380(Dh7^v ? ^ 

38i^off^i-5<^, ma^aisi-e^csMmyj^^^issb^cm^ 

miHlgS255^m^V^-— K365, «^#^151, *iiy— KC, ¥4*— K385£r 

^bTE«i53a^tn^*^^^^o ^^^m^^isi^^^csm^ 

[0090] ^hK, Tl/~?\H\$&350<Db7^i?^361$:on i^LT, ^D#[U{^380(Dh9^v ? ^ 
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m\m^255RW^4^T— K365, «^^151, KC, V9>i?*?381 

5 CLO^St— J^e— KB3i:l ^) o 
[0091] *fc. ^<£>— J^E— RB3.£W^b, T^IUi^SSO^h^^^Sei^on^LT. 

t-J^iEffiissa/^h^v^sei, MM^^BlSl, KC, ^V^"— K38 

[0092] T^°IlIE^350^j:§h^^^361^(DffjlJW^^#[lI{^380^j: 
^h^v^381#W££;h^l^^^ 

m^#ai51^C^^®m^^^J: i 9#My--KC(Dmii^E«153atlB§^|C 

v^^^«, r^$ij#[m^37i^m^m^iL^ii*n$^j:5^Tfiij#w^tt 

^§i5^ffiiJ#^T^^ m<Dmmfe— fe^e— KB3, B^^^^^S^SJ;^ 

^IJW^t^So JrfrftJfcf*. lfflO~B#RgO. 5Ts-C«#[HlS&380(Dh7^> ? 
^381^ on ^$tiTV^(Dl:\ H^O. 5Ts&1feMtem?$Tplfclfh : 7>^?36l 

61^on^i-5*t?(7)B#rHl«^ h9>'i?X?36l$:off\Z.1rZ>Z.bX»—m*r— KB3<D#t 
B^i^o — B#590. 5Ts— B#rHlTs-e«, 1^#[Ilj^380<Dh7^^381;^off 
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[0094] —jj, nffi&mm&255^&MuznM&mffi&(Dmsnmg^fe£vt>*:^ 

3£5^f|jiJ«tT^tu ftji^B^^^— 5^e-KB3, B4V>T^^^Hi:^J;5^ 

©JtPW^tl^o JM£#Jf-J^ mmo. 5Ts-R#^Ts-e{i^O#[Hl{^380(Dh7^v ; ^ 
^381^ 0 ff^$^TV^(DT\ H#Ph10. 5Ts&it£MiZ.mmTp2mb<7>^X?361& 
off ^i-S'^^^H#r^Tp2fcit^^--KB2(Z)^tl^i-§o ^(DH#^Tp2 

WO— 0#^O. 5Ts-C«, §]#[lIS&380(Dh7^v ; ^381^on^$^TV>§(D-C\ h 

[oo95] $t>^ m^m[Hi^255^mbfcma^m^L(Dfe^^^fjti-^b-c 

v^#^tctt % TV7°fliiJ#0i^371^Sa^S^iL^-S^^-oj:5^$iJ^^^ 
^^i^^^W^^o =Rr#ftU:f3\ R#rHlO-B#r H lO. 5Ts-C{W#[Hll^380 

<Dh7^^38i#W^$;TL-ci^<DT\ h^^^seiSroff^i-^rt-e^^^e 

— KB3(D^i!i-§o — ifr. B#Ph10. 5Ts-B#5gTs-m, mW\M\$&380(Dh7^* 
^381^off^$nTV^(D-C\ h^>^^361^on^i-£i^^^— KB4<D;|£ 

[0096] j^_h^j;f9, mimmnmmi)tm^r>^\Mim50Rxfmmmm8o^h, 

[0097] ^P^LT, *ll^m^(DT^ 0 [m{^350-et>^l||»^||^^#(-ma^m^iL^ 
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[0098] &:|o, §3#[Hl{i&380^h^v ? ^381^^V^— K385^)^ 

ffil53a^, y—*mi L 382b^m/—VCKmM£fofcb7>i?X?382&mtfXh 
Jj£:X®mirZ>^bX\ M / > c &^-KB2^^^— KB4-CO^V^-— K385(D^|^^ 

mx.z>~ttfx%% 0 

[0099] ^mmnmK^\^xh, mm^mm^— ^(D^m^h^t^Kmrn^m 
mL(D&mmffrti&tL,xmmL,tifr\ mimmMmxmmi^tKDtmm^ m4) 
, T>^\m^350Rximmm^38oicM^xM^4y/pTs^{c^m\mc— ^ 
-VB3<DytM%{¥%mm$:ft<>x, ^.(Dmm^^mm^mmi^mm^noxh^ 

[oioo] jjciz:, ^p^(D^3(D^w^n^ov>Tt^0j!-r§ o mimmMmRxfm2mmM 
mxn, ^-mm^io^ 105, 106A, io6B^«^i-^m^^^i5i, 151, ••• 
t>nmm.(DT^m^2bo, 35oxm'M£tL&h<Dx&otifrK m3mmj&nxu, 

m.M^lO^ 105, 106A, 106B(DlEg#^igl:2o(D^— ^t^tt^, 

1 mm^mt m^m^^-r^r^m^^o ( bi 1 ) ^H2is 

[0101] ^mm^msmmnmxh^T^m^m^m^msicTjk^ mi, mst 
m-mm(Dh(D tov vera m-n^H^xmm fe^m-r% 0 

g|8^:Jol^C, #^^104, 105, 106A, 10QB&mj$1rZ)W$k<DmM^W$kl 

51, 151, •••^*j-bT, mimmMmtm^m^mir^T^\Mi^25o(mi)t, 
m2mm^mtm^m^mi-^T>-f mm5om5) t-t>m&&t>ztix^z> 0 1 

LT, Z-KhmkomM^ ^IHl51, 151, -^2o©^;W :A^tibivrv^ (T 
^°[U{^250d^(Df|!IJ^I^tt§^^^^^151, 151, •••^7V— :/A£V>V\ T 
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[0102] rr-e, ^<Dy/v^frtf<Di±XK^\,^TMci£Mfm%mfxm.WirZ> 0 —fflbl, 
T, _h#J^^m«^104(DX$ftiE#jm^l04X+, ^#jm^l04X-, 

t#j^*" fa Sfgt^ i o 5<Dx$&AEmmm^ i osx+ , ^usi^ 1 05x-id v ^-cift 

[0103] fllfcfif, [Ufe#:i03^ft:^X#(D + ^^^OTff}iJ#i-^m^^{i. «a^l04X 
+ , 105X+^^tL^«^^«^iL^jf*P$-^:, M£^104X-, l05X-\Z.ffifh% 

m^n, m^io4x+ N losx+Ktftn&nm^mtftiL&wj?^. mm^io 
4x-, io5x-Kmft>&m>m^im,mL&mM£itz>o ^^K^m-^^nm^i 

04^T#J#^[^m^l05(DXfi^[^^(D$IJ^^^#(D$IJ^]^§r^^^v\ 
[0104] ^oT, m^MM^10AX+^;V— zfAb\.fzM^\U-±nM^105K+^;V 

, mm^mmh^m^^nm^mm^—'^Kir^m^'Xhmmxh^o 

1 04X + %ff/v— y°B K , i osx + y°AKL-±m£rXh m$kx 

<fc<5 0 

[0105] ^(Dtzjf)^ _h#j^^ma^rio4^OT#j^f^m^io5(D5^, m«^rio4 

104X-^m^^l05X-, Y##J(Z)®^^104Y+im^^l05Y+, m®£^104Y 

-tmm^io5Y-ic-D\^x-kmn<Dz.t^^%(DX\ ^ti^tim^^/^—y°^ 

tttfhtlX\^ 0 

[0106] — X|^EfilJ«^^104X+<^^jllJm^l04X-i:(D|H#JC-oV^T, [H^fta 
03^X$fiE^[n]t^S:®f|jlJ^Ii-§^, «^104X+(Dm^*^iL^jf^p$tl, 

, mm^ioAx-(Dmm^mMx^m / p^n^>m.^\\z.^(Dx\ m^^iwic^w— 

fc#\ _h#J^[^m^l04^tJ«T#J#^^W^ri05(D5^, m^l04X+i! 
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[0107] ^LT, i^±(Z)J;5^L-C^>V— 7°A, B^^it^^cS^^151. 151, ••• 
i^l51a, 151a. th^M/— KC^^tlXl ^ Q £fc. ^<£>*il/ 

'o-Ki#[His&480^», vc[zn^xmimMMm(7)^m\m^28otm^ 

I^C*^^#i-^h7^^^381^WV^--K385^^|a^t?$^XT^$tL 
TV^o rfb^(Dh^^v ? ^281, 381<D^— h^t->?fbT«, T^°f|jlJ$P[Il 
^471d^^rtb-€tb^0#ff ^276, 376^ft^£ti/cv^ 0 r(DT^$lJ^[H{^47 

mm*&t>^n^tz.m&t?£<>x\ ^„ 

[0108] ^^^«j^^*5V^T. "KI#[Hli^480^J;?,h7^v ? ^281. 381^<Di2J#f£fg 

Bl9^*5V>T, -^l#tlI^480^*J-LT«, ffjlJ^i^-r^/VTs^^h^^^SSl^o 
n^$^30#F^h7^^281/$Wf^^ 

l^oni££tK B#^0. 5Ts— B#^Ts-ef*h9Vv ? ^281^on, ^^^381^0 
ff^£*L£ 0 r<£>|&£\ iE*153a^^^l53b^^MMm^^^-Cy^X#^ 

h^>'v ? ^381^off^$tV-C^^h^v J ^281^on^$tva* 
-C(DF^(R#P^0. 5Ts#}£>^\ ^^^28 l^off^^tvT^^h^^^ 381^ 0 
n^$^«<Z)F^(B#rHl0, R#Ph1Ts#3£) \a%, Mh7^v^281, 381^^(- 0 f£ 

[0109] ^LT, r<7)J:5^#[iI{^480^(D$iJ#^J:<9, #iiy-Kc«B#r^o-B#r^o. 5 

Ts-romffvu^ mr$o. 5t s — mmTsxnn,f±vmz.f^x^Km^i-^o ^ 
x^<D^my—m(DmmtmimmMmm2)Rx^m2mmMmm6)tmmt 
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r^[iig£35o^LT^jg2iiM^ 

#T^[hI^250, 350^ lo© h?lsi?X#26U 361ilo^V^-— K265, 365 

[ono] *fc, mm^mm'L^m^vxh, mm^mm^—'^.^^t^x^^fD 

X\ ^n^fKDT>--f\Ei^250, 350/^— ^—KA3, BSO^H^&S^^M; 

^mmL<v&m&ft?z-btfx%% 0 tot, vvf ^T^/m^scK 350^^ 

^m^^bTaS^^i-^^^-e#^o ^Tv^°[ii^250, 350te$ij$piM 

[0111] #M£^104, 105, 106A, l06B&m)$irZ>mM^^Bl51, 151, ••• 

i%mikX^Z>(DX\ Y=7^J^2S1, 381^V^— K285, 385<DlMX£/h£<#| 

j^-e^, ^—^^^(D-m^mik&m&z-b&x^&o ^b^m^ 

^L-C^tt§m»M^^»-C\ ^S^^E&lh-e^ 0 £fb^, mMl53^^#fc|^ 
[0112] /^*d\ ma^«^iL^-^(D^t|^fcS^^^«a^« 
4) , T>-y IH{^250, 350^ra#[Hl^480^^LT$IJ^i^^/VTs^^5t$IJ^J^ 

— ka3, Bso^ii^s^^ffoT, ^.(Dmr^^mm^mm-L^m 

[0113] [Ell]«0j!(D^l|IM^cDT^ o IlI^[lI^|E| 



WO 2005/085663 



27 



PCT/JP2005/003347 



[07]H5(DSiJ^!l 

m io]^-^ +7$^?#:#L<D mmmrn 

[0114] 100,200 y^ft^-yiOy^fc 

102 m^m 

103 m<&i$ 

104, 105, 106A, 106B MM^ 
113 C2— 

150, 250, 350 T^7°m$s 

151 iteti 

153 mm 

155,255 mffitkmm$& 

161, 162, 261, 281, 282, 361, 381, 382 h9>i?X? 
165, 166, 265, 285, 365, 385 ^V^— K 
171, 271, 371, 471 T^UUU^ 
280, 380, 480 §j#[US& 



WO 2005/085663 



28 



PCT/JP2005/003347 



m^mm 

[2] m^ft^ 



WO 2005/085663 



29 



PCT/JP2005/003347 



mwir^-t^!wmtir^m^mix^mMm2mm<Dmn.m^mmo 
m mmmi(Dmmm^ia^mKm3(D^4y^m^m^tif^b^mtir^ 

[5] HHlfeffe 

wmm& yen*} &Wcffctznmt, 
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